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FOREWORD

This Indian Standard (Part 2) which is identical with ISO 10101-2:1993 `Natural gas -- Determination of water by the Karl Fischer method -- Part 2 :Tltration procedure' issued by the International Organization for Standardization (ISO) was adopted by the Bureau of Indian Standards on the recommendation of the Petroleum, Lubricants and Their Related Products Sectional Committee and approval of the Petroleum,Coal and Related Products Division Council. The text of the ISO Standard has been approved as suitable for publication as an Indian Standard without deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is particularly drawn to the following: a) Wherever the words `International be read as `Indian Standard'. Standard' appear referring to this standard, they should

b)

Comma (,) has been used as a decimal marker while in Indian Standards, practice is to use a point (.) as the decimal marker.

the current

The technical committee responsible for the preparation of this standard has reviewed the provisions of the following International Standards and has decided that they are acceptable for use in conjunction with this standard: International Standard Laboratory Title glassware -- Interchangeable conical ground joints

ISO 383:1976 ISO 6712:1982

Gas analysis -- Sampling and transfer equipment for gases supplying an analytical unit Gas analysis -- Vocabulary Natural gas -- Determination Part 1 : Introduction of water by the Karl Fischer method --

ISO 7504:1984 1s010101-1 :1993

1s0 10101-3:1993

Natural gas -- Determination of water by the Karl Fischer method -- Part 3: Coulometric procedure

In reporting the results of a test or analysis made in accordance with this standard, if the final value, observed or calculated, is to be rounded off, it shall be done in accordance with IS 2:1960 `Rules for rounding off numerical values (revise@'.

IS 15641 (Part 2): 2006 1s0 10101-2:1993

Indian

Standard

NATURAL GAS -- DETERMINATION OF WATER BY THE KARL FISCHER METHOD
PART 2 TITRATION PROCEDURE

WARNING -- Local safety regulations

must be taken into account, when the equipment is located in hazardous areas. Due to the toxicitv . and odour of . rwridine, the user should ensure that there is . adaquate ventilation.

1

Scope

ISO 10101-3:1993,

This part of ISO 10101 specifies a titrimetric procedure for the determination of water content in natural gas. Volumes are expressed in cubic metres at a temperature of 273,15 K (O "C) and a pressure of 101,325 kPa (1 atm). It applies to water concentrations between 5 mg/m3 and 5000 mg/m3.

Natural gas -- Determination of water by the Karl Fischer method -- Part 3: Coulometric procedure.

3

Principle

2

Normative

references

A measured volume of gas is passed through a cell containing a relatively small volume of absorbent solution. Water in the gas is extracted by the absorbent solution and, subsequently titrated with Karl Fischer reagent. The design of the cell and the absorbent solution are chosen so as to ensure efficient collection of the water at the high f lowrates necessary. The principle and chemical reactions of the Karl Fischer method are given in 1S0 10101-1:1993, clauses 3 and 4; interferences are also described in clause 4 of ISO 10101-1. Clause 4 of ISO 10101-1:1993 describes interfering substances which may be present in natural gas and corrections for the interference of hydrogen sulfide and mercaptans.

The following standards contain provisions which, through reference in this text, constitute provisions of this part of ISO 10101. At the time of publication, the editions indicated were valid. All standards are subject to revision, and parties to agreements based on this part of ISO 10101 are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of currently valid International Standards. ISO 383:1976, Laboratory glassware -- lnterchangeab/e conica/ ground joints. ISO 7504:1984,

4

Reagents
the water

Gas anajysis -- Vocabulary.
Natura/ gas -- Determination

4.1 Kark Fischer reagent, of which equivalent is approximately 5 mg/ml.

ISO 10101-1:1993,

of water by the Karl Fischer method -- Part 1." introduction.

NOTE 1 For most applications, commercially available Karl Fischer reagent with a water equivalent of approximately 5 mg/ml has been found adequate. The reagent may be provided as two sojutions which are mixed before use.

1
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If required, make Up the reagent in the following 4.1.1 Components

way.

5 Commercial reagents, when aged, may give -a slow response near the end point. 4.2 Absorbent way. 4.2.1 solution, prepared in the following

4.1.1.1 Methanol, with a water content of less than 0,01 Yo (rdm). Use commercially available dry methanol or methanol dried in the laboratory by one of the following procedures. a) Place 2 Iitres of methanol in a two-neck 3 Iitres flask and add 10 g of magnesium turnings. Add a crystal of iodine, connect the flask -to a reflux condenser and leave overnight. Next day, add a further 5 g of magnesium turnings and reflux for 1 h, Connect the top of the reflux condenser to a still head, a double surface condenser and a collection flask. Disconnect the water flow through the condenser originally used for reflux, and distil the contents of the flask. Discard the first 150 ml of condensate. Distil the rest into dried 1 Iitre flasks. Vent the system through a drying tube during distillation. b) Dry the methanol Iar.sievel}, over a freshly activated rnolecu-

Components glycol, with a water content less

4.2.1.1 Ethylene than 0,1 % (tire). 4.2.1.2 4.2.1.3 4.2.1.4 4.2.2

Sulfur dioxide,

liquefied and dry.

Pyridine, anhydrous. Karl Fischer reagent, Preparation (see 4.1 ).

Slowly add 20 g of sulfur dioxide (4.2.1 .2) to 180 ml of anhydrous pyridine (4.2.1 .3), while mixing carefully (solution A). To prepare the absorbent solution, add 55 ml of dry ethylene glycol (4.2.1,1), 55 ml of Karl Fischer reagent (4.2.1 .4) and 73 ml of solution A to a round bottomed flask. Boil under reflux for 10 min with a dtying tube on the condenser, and then cool.

4.1.1.2 2-Methoxyethanol, less than 0,(31 ?4. (tint).

with a water content

of

NOTE 2 This can be used as an alternative to methanol (4.1.1.1), with a lower vapour pressure and therefore less losses due to evaporation during sampling of the gas. 4.1.1.3 4.1.1.4 4.1.1.5 4.1.2 Pyridine, anhydrous, Sulfur dioxide, Iodine. Preparation liquefied -and dry.

5

Apparatus
Fischer apparatus, as described in

5.1 Karl annex A.

5.2 Wet-test gas meter, volume passed.

accurate to * 1 Y. of the

Measure 300 ml of dry methanol (4.1.1 .1) or 2-methoxyethanol (4.1.1 .2) and 110 ml of anhydrous pyridine (4.1.1 .3) into a 750 ml conical flask. Slowly pass liquid sulfur dioxide (4.1.1 .4) into this solution, mixing carefully until the increase in weight is 43 g. Cool this solution in a freezing mixture. When cool, add sufficient iodine (4.1.1 .5) to give a permanent light brown colour. Then add 63 g of iodine and swirl until dissolved. Make up to 500 ml with dry methanol or 2-methoxyethanol. Leave standing in the stoppered conical flask for 24 h before use. NOTES 3 If required, the reagent may be diluted with pyridine.

5.3 Guard tube, or Durand bottle, packed with anhydrous calcium chloride (or another suitable drying agent). NOTE 6 This is used to prevent back diffusion of water vapour from the gas meter to the titration cell. 5.4 5.5 Titration cell, as shown in figure A.1.

Glass syringe, of 20 ml.

NOTE 7 Absorbent solution is most easily added to and removed from the cell by means of a 20 ml graduated syringe with a 6 `Y. (Luer) fitting and hypodermic needles of suitable length and 1 mm to 2 mm bore. 5.6 Syringe, standardization with a fixed needle, of of the Karl Fischer reagent. 10 PI, for

4 For the determination of very small amounts of water, is preferable to use freshly prepared reagent.

1) Molecular sieves of type 4A (0,4 nm pore diametar) or type 5A (0,5 nm pore diameter) are an examples of a suitable products available commercially. This information is given for the convenience of users of this part of ISO 10101 and does not constitute an endorsement by ISO of these products.

2
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6 Standardization reagent

of the Karl Fischer

v

is the volume, in millilitres, of KarJ,Fischer reagent required for the titration of the added water.

Standardize the Karl Fischer reagent use, as appropriate.

daily or before

7

Sampling
clause 5.

6.1 Using a dry syringe, introduce sufficient absorbent solution (4.2) to cover the electrodes in the apparatus (5.1). Switch on the apparatus and start the stirrer motor. Add the Karl Fischer reagent (4.1) until the needle settles down at a position near zero. When
this point is reached, cease additions, since additions of large amounts of reagent will only move the electrometer about 0,02 V. To achieve maximum sensitivity at this first stable point, adjust the zero control until the electrometer needle is at zero. Shake the cell several times so that all the internal surfaces are wetted. Once again, adjust to the zero position by adding more reagent. Repeat the procedure until the needle remains steady at the zero position for at least 30 s. NOTE 8 The meter needle will remain at zero for at least 30 s when the-titration and point is raached.

See ISO 10101-1:1993,

8

Procedure

NOTES 9 The apparatus may be Nsed in the laboratory, or outside on the processing plant, with appropriate precautions. The differences between these approaches are described in 8.3. Because of the difficulty of sampling gas streams without altering their water content, the equipment is likely .to ba used more frequently outside the laboratory. 10 Whether it is made inside or.outside the laboratory, the first determination is likely to be erroneous, due to the uncertainties associated with connecting the sample stream and purgrng the sampling lines. For this reason, repeat determinations are necessary on a sample stream flowing continuously at 1 l/rein. Remove the contents of the cell (5.4) and add 20 ml of the absorbent solution (4.2) to the titration cell using a dry syringe (5.5). If necessa~, add sufficient water until the meter shows an excess of water and titrate back to zero with Karl Fischer reagent (4.1).

6.2 Using the 10 WIsyringe (5.6), add exactly 10 PI of distilled water to the contents of the cell (5.4) (with the syringe needle below the surface of the absorbent solution titrate to the zero position and note the volume of reagent used. Once again, shake-the cell several times and if the electrometer needle shifts, titrate back to zero. Ignore this additional volume of Karl Fischer reagent; it represents any water which may have entered the cell as vapour while the 10 PI of water was being added.

8.1

6.3 Add a further 10 PI of water to the cell, and again titrate to the zero position, Take an average of the two titrations. if the variation is greater than 2 `Yo, discard the contents of the cell. Introduce a further
portion of absorbent solution into the cell and repeat the standardization procedure. If the titration for two further 10 @ portions of distilled water still varies by more than 2 `%0,it is likely that the Karl Fischer reagent has aged and needs replacing with fresh reagent. Check the delivery of the 10 WIsyringe by weighing it, using a batence capable of weighing to t 0,1 mg. Ensure that the weighings are within 1 `?4..

8.2 Close the gas inlet socket with a 7/16 ground glass stopper, and the gas outlet with a 5/13 ground glass stopper. Shake the cell several times so thet all the internal surfaces are "wetted" and again adjust to the zero position by adding more reagent. Repeat this procedure until the needle remains steady at the zero position. 8.3 Subclauses 8.3.1 and 8.3.2 refer to the use of the equipment in the laboratory, or on the plant, respectively. 8.3.1 Switch off the stirrer and proceed to 8.4. If the sample is being taken from a line which is continuously purged, the time of purging indicated in 8.4 can be reduced. 8.3.2 In the laborato~, disconnect the apparatus from the mains supply, switch to battery operation and check that the batteries are satisfactory. Turn off the stirrer and ensure that the switch it set to "READ". The apparatus is now ready to take onto the plant. WARNING -- The equipment is neither flameproof nor intrinsically safe. Local safety regulations must be taken into account when using the equipmant in hazardous zones. As a minimum

6.4

Calculate the water equivalent T, expressed in milligrams of water per millilitre, of the Karl Fischer reagent using the equat"km

where m is the mass, en milligrams, of water added;

3
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precaution, a test for flammable gases should be made in the area in which it is to be used.

9
9.1

Expression of results
Method of calculation

8.4 Open the sampling point valve and pur~e the line for 5 mm at about 10 l/rein. Connect the wet-test
gas meter (5.2) to the sample point arid adjust the flow to the required flow rate (1 l/rein for streams containing less than 50 mgH20/m3). Allow to purge for a further 30 min.

Calculate the water content Q(H20), expressed in milligrams per cubic meter at 273,15 K (O "C) and 101,325 kPa (1 atm), of the gas using the equation Q(H20) = where v T VT X 1 OOO(273,15+6J V/@* -~)
X X

101,325

273,15

8.5 Disconnect the wet-test gas meter and connect the gas inlet tube of the cell to the sample point, using a metal coupling (with polychloroprene "O" rings) that is capable of connecting glass to glass or metal to glass.
NOTE 11 Under no circumstances should lengths of PVC or similar types of tubing be used to connect the sample point to the cell. This type of tubing will allow diffusion of water into the sample.

is the volume, in millilitres, of reagent required; is the water equivalent, in milligrams of water per millilitre, of the Karl Fischer reagent, calculated in 6.4;
is the temperature, in. degrees Celsius, of the gas in the wet-test gas meter; is the volume, in Iitres, through the cell; of gas passed

o~ VA

8.6 Connect the outlet of the calcium chloride guard tube (5.3) to the wet-test gas meter and the inlet to the cell outlet.
NOTE 12 Pliable tubing may be used for the connection,

pA

is the absolute pressure, in kilopascals, the gas in the wet-test gas meter; is the vapour pressure, in kilopascals, water at temperature f3~.

of

8.7 Connect the cell to the gas stream by inserting the gas inlet tube through the 7/1 6 conical joint and allow the gas to pass through the cell for 5 rein, adding reagent as necessary to maintain the cell contents at the meter zero position. Record the wet-test gas meter reading at a convenient moment when the voltmeter reading is on zero. Record the burette reading (to the nearest 0,002 ml pr~s) associated with this volume of gas. This first titration can be ignored, as the result is very likely to be erroneous.

Pw

of

If necessa~, the observed water content can be corrected for interferences due to sulfur compounds as described in ISO 10101-1:1993, clause 4. 9,2

8.8

Precision

The precision of this method has not yet been established by an interlaboratory correlation programme.

8.9 Without interruption to the flow, pass an ad: ditional volume of sample (1O Iitres in the case of gases containing less than 50 mgHzO/m3), through the cell, once again adding reagent to maintain the voltmeter at or near the zero position throughout the titration. Record the wet-test gas meter reading at a moment when the voltmeter is on zero, and the corresponding burette reading (to the nearest 0,002 ml). Record the temperature and pressure of the gas in
the wet-test gas meter.

10

Test report
in-

The test report shall contain at least the following formation: a) a reference to this part of ISO 10101; or measurement;

b) the date and time of sampling c) the place of sampling

or measurement; on-site, or on

8.10 Repeat the procedure described in 8.9 as many times as is necessary to obtain a constant reading (a minimum of four titrations).

d) whether the analysis was performed a sample returned to the laboratory;

and pressure of `the gas `stream e) the temperature at the time of sampling or analysis; f) the concentration fering substances of, and correction in the gas; for, any inter-

9) any deviation

from the procedure

specified.
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Annex A
(normative)

Karl Fischer apparatus
The apparatus is shown in figures A.1 and A.2 and consists essentially of the following.

A.1

Burette

internal diameter of 2,5 mm and extends to within 5 mm of the cell base. The flexible lead from the burette is drawn to a fine jet, of 0,2 mm internal diameter, to prevent diffusion of the reagent into the cell.
NOTE 13 A flexible polyethylene burette lead is necessary so that the cell can be shaken without disturbing any connections. During the normal duration of use, -diffusion of moisture through the tubing is negligible. If the reagent is left in the tubtng for some time, it should be flushed out thoroughly before use.

The burette is a piston-type of capacity 5 ml wtth a two-way PTFE key, which is attached to the base of the apparatus. The burette scale is subdivided every 0,005 ml. It is possible to estimate the burette reading to the nearest 0,002 ml. A suitable automatic burette, the performance of which is at least as good as this, may be used.

A.4 A.2 Reservoir
This is a modified 250 ml Durand bottle protected by a drying tube as shown in figure A.2. The connection between the reservoir and the burette is a butt-joint, sealed with neoprene tubing.

Base

The base of the apparatus contains the electronic circuits of which a diagram is shown in figure A.3 and a

magnetic stirrer. NOTES
14 The electronics function as follows.

A.3

Titration

cell

This cell is fitted with two 7/16 ground glass conical joints for the gas inlet tube and the reagent delivery tube, a 5/13 ground glass conical joint for the gas outlet and a screwed connector for the electrode. If required, a further connection can be made, at an angle on the side of the cell, for a septum. The ground glass connectors are not lubricated (the seal is made by the reagent as the cell is shaken to wet the internal surfaces). The gas inlet tube has an

When an excess of water is present, the electrodes are polarized and the impedence across them becomes of the same order as the 1 Mf'2 resistor. The voltmeter thus indiEatesabout 0,5 V. When an excess of Karl Fischer reagent is present, the electrodes are depolarized and the impedence across them becomes very small compared with the 1 Ma resistor. Tha voltmeter will now indicate O V. This circuit gives a very much sharper end-point indication than the more usual current measuring circuits. 15 Experience has shown that it is necessaw to use a magnetic stirring bar of 20 mm to 25 mm length, to ensure adequate" mixing of the cell contents.
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Figure A.1 -- Detail of titration

cell
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PTFE 2-way

stopcock 1
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tube filled with silica gel
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.Figure A.2 -- ~[tration

apparatus

-- Typical assembly
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Figure A.3 -- Schematic

pH-meteror highimpedance voltmeter

circuit diagram

7

Bureau

of Indian

Standards instituticm established under the Bureau of /rrdian

BIS is a statutory harmonious

Standards

Act, 1986 to promote certification of

development

of the activities

of standardization,

marking

and quality

goods and attending
Copyright BIS has the copyright

to connected

matters in the country.

of all its publications.

No part of these publications

may be reproduced

in any

form without the prior permission in writing of BIS. This does not preclude the free use, in the course of implementing the standard, of necessary details, such as symbols and sizes, type or grade designations. Review Enquiries relating to copyright be addressed to the Director (Publications), BIS.

of Indian

Standards
to standards a standard should as the need arises on the basis is reaffirmed of comments. Standards are

Amendments also reviewed Users edition This

are issued periodically; Standards

along with amendments

when such review indicates
of the latest Monthly amendments or

that no changes
of Indian

are needed; if the review indicates that changes are needed, it is taken up for revision.
ascertain that they are in possession and `Standards: No. to the latest issue of `BIS Catalogue' Additions'.

by referring Indian Standard

has been developed Amendments

from Dot:

PCD 3 (2239).

Issued Since Publication
Text Affected

Amend

No.

Date of Issue

BUREAU OF INDIAN STANDARDS
Headquarters: IVlanak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 110002

Telephones
Regional

23230131,23233375,.2323
Offices:

9402

website:

www.bis.org.in Telephones 23237617
{ 23233841

Central

:'"wlanaK `-' mavan, s `-' ~anaaur " snan " "-'Lalar `Mat'g NEW DELHI 110002 : 1/1 4 C.I.T. Scheme WI M, V.I.P. Road, t<ankurgachi KOLKATA 700054 : SCO 335-336, Sector 34-A, CHANDIGARH 160022

Eastern

23S7 8499, 23378561 { 23378626,23379120 2603843 { 2609285 22541216,22541442 { 22542519,22542315 28329295,28327858 { 28327891,28327892 COIMBATORE. LUCKNOW. FARIDABAD. NAGPUR.

Northern

Southern

: C.I.T. Campus,

IV Cross Road, CHENNAI

600113

Western

: Manakalaya, E9 MlDC, Marol, Andheri (East) MUMBAI 400093 AHMEDABAD. GHAZIABAD. NALAGARH. BANGALORE. GUWAHATI. PATNA. PUNE. BI+OPAL. BHUBANESHWAR. HYDERABAD. JAIPUR.

Branches:

KANPUR.

RAJKOT. THIRUVANANTHAPURAM.

VISAKHAPATNAM.

Printed at Simco Printing Press, Delhi

